The success of medical implant innovation as a complex field of science and technology requires efforts and strategies in accompanying communication. Fostering public understanding and acceptance of biomedical research and its methods (animal experimentation in particular) is important to counteract wrong assumptions and expectations that journalists, lay people, and (future) patients may hold and that could impede effective takeup of true innovation in the clinical context. Two studies on media coverage of the term "personalized medicine" (n = 118 newspaper articles) and on medical implants (n = 256 newspaper articles) in Germany (published between 2008 and 2013) illustrate patterns of how journalists offer diverse frames of interpretation to lay audiences. Scholars in biomedical implant innovation and their institutions can benefit from taking these frames into account in order to bridge gaps of missing background knowledge or to counteract overgeneralization of past scandals with (breast) implants. This way, empirically informed communication strategies will satisfy public requirements for transparency and science-public dialogue so that sustainable trust in biomedical implant innovations can evolve.
Introduction
The enormous expansion of science as a subsystem of contemporary societies has brought about a growing demand for public communication of scholarly activities, methods, and results [1, 2] . Because virtually all domains of daily life are strongly affected by progress in science and technology, and sustainable economic and social success is assumed to depend on further scientific progress and citizens' trust and acceptance of science, the efforts that scientific institutions are investing in explaining and advertising their activities have been increasing continuously over the past decades. Research journals, conferences, academic associations, project funding, prizes, and new job profiles dedicated to science communication have emerged in many countries. Across most fields of science, there is a consensus that such efforts are well-justified. This particularly applies to research fields that raise public concern and/or fuel public controversies over normative challenges, such as stem cell research [3] or nanotechnology [4] .
The present contribution investigates the case of biomedical implant innovation -the interdisciplinary work on Biofabrication and improved implant technologies -from a science communication perspective. Because implant innovation is both a complex field of science and technology and an issue for medical operations involving physicians and patients, the case is particularly interesting, as it bears relevance for scholars in science communication and in health communication [5] alike. We briefly begin with a review of the interests and guiding principles in science communication that apply to the Biofabrication case. Next, we discuss two specific communication challenges related to biomedical implant innovation: The mass media coverage of implants, which is not only affected by scientific sources, and the controversy over animal experimentation, which is still an integral element of the methods and procedures in implant innovation. Referring to the superior challenge to understand and promote trust in the new implant technology, we conclude with a strategic outlook on the research and practice of communicating implant innovation not only as a task of sending out information to public audiences, but also as a challenge of taking up and responding to public concern within the scientific community of innovators.
Goals of science communication and the case of medical innovation
Informing non-scientific audiences (lay people) about institutions, fields, topics, methods, results, and consequences of science is inevitably facing the challenge of explaining highly complex, invisible, or elsewise difficult issues to people who lack the knowledge background required to develop an adequate understanding and assessment [6] . Traditionally, the strategic goal of science communication was therefore to bridge the expert-lay gap by offering smart explications of recent scientific progress. Scientists and/or science journalists were expected to package stories of research and innovation through reduction of complexity and focusing the message on those elements that are deemed most relevant, tangible, and comprehensive to lay people. High-end visualizations (e.g. animations), exemplifications, storytelling, and all kinds of metaphors and comparisons with phenomena known from daily life are typical strategies pursued in this vein; this kind of science communication clearly targets understanding as outcome variable in public audiences. The traditional mission of science communication is therefore a continuous education of the lay public about recent progress. In turn, this deficit notion of public understanding of science implies that (a) efforts need to be invested in and (b) lay people should be expected to develop scientific literacy [7] , that is, a fundamental understanding of basic principles of science (e.g. the logics of empirical research and testing, the fundamentals of physics and biology, the difference between hard science and social sciences). Some authors argue that a favorable attitude towards science should also be part of this literacy, however, such a notion implies that science would become an advertiser of its own strategic interests (such as securing public funding), which may conflict with a traditional understanding of the role and function of science in society.
Departing from this traditional focus on explaining and public understanding of science, more recent notions of what science communication should achieve emphasize the fact that in many countries, science is a privileged part of society that is responsible for creating transparency and openness for external control and critique by the public, its political institutions, and the mass media. A large social system such as science inevitably produces problems, conflicts, and misbehavior (scandals) that need to be resolved through interaction with other parts of society, including the political system and the criminal justice system. The need for entering a dialogue with the public becomes particularly visible for issues of scientific progress that come with normative controversy, such as stem cell research, dual-use technologies, or big data systems. Non-scientific bodies, and ultimately, individual citizens should, according to this more advanced understanding of science communication, be enabled to express opinions and participate in decisions about whether the scientific system should proceed in specific directions into which it could proceed. In line with parallel trends to strengthen non-government organizations and increasing the accountability and enforced openness of authorities, science communication serves the goal of empowering the public to hold science responsible, participate in steering decisions, correct misbehaviors, and prevent undesirable consequences of scientific progress. The strategic goal of this notion of science communication is public engagement with science [8] and citizen participation in science [9] . Instead of operating like an independent, self-serving system, science is expected to involve the public through active, dialogue-based communication and to take public concern seriously into account (technologies of humility, [10] ). Because offering effective opportunities for participation and dialogue requires a well-informed public, the level of performance expectations that this understanding of science communication imposes on scientific institutions and agents is much higher than the requirements derived from the traditional, understanding-only notion of science communication.
The case of medical research and innovation is a special challenge for such dialogue-oriented science communication. While the complexity and problems in explaining progress to lay audiences are not much different from other fields of research and technology, medical innovation is of specific relevance to patients and possible future patients. Patients represent a unique type of lay audience. For patients, medical research progress can make a profound difference, for instance, because they may hope for a longer lifetime or an improved quality of life, if the innovation fulfills the expectations (that medical researchers formulate) and translation into clinical practice works out. Yet, most patients do not possess much knowledge on specific medical research domains, innovation methods or biomedical products -this audience is on average not better informed than general citizens, but their personal involvement with the topic of a medical research progress is much higher, which requires a particularly thorough and mindful approach to communicating scientific progress. This refers to trust-building communication in particular, as we will discuss in more detail below.
The media as multiplier: the public image of implants
News media and (science) journalists are the general public's key source of information on scientific progress. The science-media interface is therefore particularly relevant if medical research is to be explained to lay audiences [11] . Universities and research institutions have invested substantial resources into capacity building for public relations, and providing information and materials for journalists has become a routine task for academic project managers across many fields of inquiry (e.g. [12] ). However, news media do not simply transport scientific information to the public; in contrast, they select, modify, frame, and comment on the informational raw materials they obtain from interviews with scientists and university press releases. For lay audiences who lack knowledge and direct access to (medical) research, the picture that news media draw is thus the reality they can observe and understand -but which is often only partially matching the views of scientific experts. Most importantly, journalists tend to emphasize risks and dangers related to topics of coverage in order to fulfill their early warning function for society and/or to comply with their task of uncovering problems and scandals [13] . Thus, researchers and innovators find themselves confronted with skeptical and critical perspectives when they actually want to explain the beneficial aspects of their work. An alternative bias problem in journalist coverage of medical research is that news writers may try to stress the sensational value of their report by expressing overly optimistic expectations about the addressed innovation -news may thus create unrealistic hopes in patients or the general audience concerning the effectiveness of medical innovation or the timeframe in which a research progress will translate into actual improvements for patients.
Against this background, two studies on the media image of (biomedical) implant technologies were conducted within the Biofabrication research cluster. Study 1 investigated the media portrayals of the general term personalized medicine, which refers to biomedical implant innovation in various ways. Study 2 analyzed what news media say about the positive and problematic aspects of implants as a class of medical products. Both studies focused on German newspapers and their online outlets, but we assume that similar findings would emerge in other European countries.
Study 1: Media portrayals of personalized medicine Research objective
One core stream of biomedical innovation in contemporary implant research explores the chances and challenges of personalization of implants. In this sense, Biofabrication of implants applies the concept of personalized medicine [14] in order to achieve fundamental improvements such as prevention of inflammations and other implantation failures. Personalized medicine is a research field that has been attracting much interest in expert communities but may be difficult to understand for journalists and lay audiences, because (a) a large and diverse set of methods, treatments, and strategies is covered by the term, and (b) up to now, no well-acknowledged application of the concept has reached mass markets so that it could serve as anchor example to explain the general ideas. Moreover, media attention for topics does not necessarily follow interest dynamics within an expert community [15] , and for other fields of science, communication research found differences in news media coverage depending on the maturity of the (innovation) domain [16] .
Hence, before studying the media image of implants as medical products in detail (see study 2 below), a content analysis of German newspaper reports addressing personalized medicine was conducted. The objective of the study was to characterize the frames with which journalists describe the chances and challenges associated with the emerging and vague concept. The concept of news frames [17] points at key elements of news' portrayals of a topic that include a problem definition, agents and institutions associated with the topic, stated expectations or calls for action, and predictions on the future development of the issue.
Methods
For each frame element, systematic categories were defined based on previous research in science communication (e.g. [4] ) and journalism [17] as well as cursory reading of thematic news reports. For instance, the coding scheme included questions whether an article addressed risks and chances associated with personalized medicine for the health of patients, for the health economy at large, and/or for medical research. Other example categories referred to mentionings of ethical risks or whether prognostic statements in the article were rather optimistic, pessimistic, or ambivalent. Two student coders were trained to work through the news coverage of interest and to note information on each frame element for each news item selected from a digital database (see below). Through multivariate data processing (cluster analysis), patterns of news portrayals of personalized medicine were identified that span across multiple individual articles and mirror the image or understanding of the issue that news media construct for their audiences.
To search for news reports on personalized medicine, we utilized the LEXIS/NEXIS database, which includes a large array of newspapers' and magazines' full text archives. Articles that address the German translation of personalized medicine in their headline and/or their keywords and appeared between 2008 and 2013 were selected for analysis. The search was constrained to 18 leading national daily newspapers (e.g. Sueddeutsche Zeitung), weekly newspapers (Die Zeit), news magazines (e.g. Der Spiegel), their online websites, and popular science and health magazines for lay audiences (e.g. P.M. Magazin). Hence, a very large amount of coverage (18 news media and magazines ×6 years) was scanned for appearances of personalized medicine. Interestingly, only a very small number of relevant news articles were obtained from the database search (n = 118). Student coders carefully read each article and registered the coding information according to the frame scheme described above for subsequent cluster analysis (hierarchical cluster analysis with subsequent k-means clustering using Ward's criterion). Measures of quality assurance (so-called reliability testing for sufficient agreement of coders concerning the interpretation of categories and classification of news elements) returned satisfying results so that validity of findings can be claimed.
Results
The cluster analysis sorts the news articles into groups that are as homogenous as possible, whereas the differences between groups are maximized. This way, a set of sharply profiled types of news coverage of personalized medicine was obtained from the coded data. Through this sorting analysis, we identified five types of news articles on the issue which are briefly described below. Prior to this detailed inspection of the coverage, the general observation has to be noted that the overall number of found articles was very small and that the frequency of news coverage on personalized medicine did not increase between 2008 and 2013, but remained on a low level across the entire period of investigation. Therefore, we conclude that the German news media did not yet take profound notice of this important trend in medical research until the end of 2013.
Those (few) articles that presented the issue to their audiences were categorized into five types. The first type (n = 41 of 118 articles were sorted into this cluster) was labeled shallow description. These articles did not present many details about the concept of personalized medicine to readers, but were mostly rather brief reports that did not offer an in-depth reflection on chances, risks, or other frame elements. A substantial part of the news coverage on the issue thus did not elaborate much on details, but remained rather short and vague.
In contrast, the remaining four types of news articles were found to be characterized by specific content patterns of in-depth elaboration. The second cluster (n = 18 articles) represented examples of in-depth science journalism, because these news items offer a broad perspective on chances and risks of personalized medicine from medical, economic, scientific, and ethic points of view. Hence, this type of coverage was labeled balanced discourse on chances and risks.
The third cluster (n = 18) comprised articles with an economic perspective and a pessimistic prognosis. These news reports emphasized the risks associated with developing personalized medicine for companies and the health sector, such as excessive costs for investments and/ or insecure perspectives on return on investments. Hence, this group of articles took a rather narrow and specialized point of view, but offered a generally negative assessment of the field of innovation. It was labeled economic pessimism.
In contrast, the articles sorted into the fourth group (n = 26) also prioritized economic perspectives, but were much more optimistic in predicting the future of the field of innovation. This optimism was based on reflections on specific (future, envisioned) medical applications and products from the field of personalized medicine. For corporations and institutions in the health industries, personalized medicine was thus framed as the next big thing that promises substantial revenues through beneficial innovation. Consequently, this group of articles was labeled economic optimism.
Finally, the fifth type of articles (n = 15) prioritized the perspective of medical research and provided a balanced view of chances and risks from this point of view. From this analysis, these articles typically derive specific recommendations or calls for action towards the medical research community (e.g. to be cautious concerning ethical challenges). Thus, this group was labeled academic-medical discourse.
Discussion
The findings of this study suggest that between 2008 and 2013, German media audiences did not really receive much information on personalized medicine, because the overall number of news reports on the topic was very small, and no trend of increase over time was observed. Moreover, the diversity of how news media analyze and evaluate personalized medicine was remarkable; a relevant portion of articles was either lacking any details on the topic, was pessimistic and/or emphasizing economic over health implications -three patterns of description that are probably not suited to reveal the hopes and chances associated with the field of innovation to lay audiences. In sum, the media image of personalized medicine in Germany can be summarized -at least for the period 2008 to 2013 -as non-existent and/or a relatively strong emphasis on economic risks and benefits.
Communicators of personalized implant innovations must thus take into account that the general public (and many journalists alike) do not yet have developed an understanding of the concept and will thus not hold fundamental background knowledge that could help understand the details of specific personalized applications such as implant products and procedures [6] . Instead, explaining Biofabrication innovation to the public needs to begin with the very basics. Moreover, efforts for transparency are required concerning possible (early) interconnections between medical research and development on the one side and economic exploitation interests on the other side. The fact that a relevant portion of the past coverage framed personalized medicine rather as a commercial strategy than a field of scientific innovation for the improvement of patients' lives should be understood as another element of media skepticism towards the concept that should be actively approached in science communication.
Study 2: Media portrayals of implants, 2008-2013

Research objective
Implants are a class of medical products that are widely used. A substantial part of the population in developed countries thus holds personal experience with implants and the treatment procedures associated with them. Moreover, mass media tend to address such widely spread phenomena with greater frequency than, for instance, the still evolving issue of personalized medicine. Communicating implant innovation thus needs to take into account how mass media portray existing implant products, treatments, and technologies. Based on the current media image of implants, science communication can develop content and strategies that match the knowledge and knowledge deficits as well as the expectations that lay audiences have acquired from news media reports (e.g. [18] ).
With regard to implants, an analysis of media coverage can also help to understand how non-scientific agents and events may shape the image that science communication has to take into account. Specifically, news media have reported on implant failures in the context of plastic surgery, disclosing scandals of corporate fraud, failure of authorities and institutions of quality control, and large numbers of suffering patients (e.g. [19, 20] ). Likewise, the negativity bias in journalism [13] suggests that news media will selectively report on (single) cases of medical implant failures -those failures that Biofabrication methods and materials are envisioned to prevent in the future -and neglect their beneficial aspects for patients' health and quality of life.
Against this background, a content analysis of how German print media portray medical implants was conducted. Its research architecture mirrored the procedures of the previous study on the media image of personalized medicine (see above): based on the framing concept [17] , characteristics of the news coverage were assessed systematically, with a special emphasis on description of (risks of) implant failures and industry scandals. The goal of the study was again to develop a data-driven typology of patterns of news coverage that helps to understand how journalists and their public audiences presumably think of medical implants.
Method
A set of 15 German print news media and the associated online news websites (comparable to study 1) was searched for articles addressing implants or associated terms. In the period under investigation, the years 2008 to 2013, the LEXIS/NEXIS database revealed 256 articles of relevance. Three trained student coders examined the material and applied the coding scheme on addressed subtopics, mentioned chances, risks, calls for action, and predictions of future developments. In order to achieve an optimal resolution, the articles were analyzed at the level of single statements. For this purpose, each article was segmented into statements, that are semantic units that include a specified subject, object, and action. If one of these elements changes (e.g. a different agent is presented in a subsequent sentence) a new statement has begun. Breaking down the obtained articles into such statement units allowed for a precise quantification of the media image of implants. In total, the 256 articles were split in 5286 statements that were coded for the mentioned frame elements. Again, sufficient reliability was secured through testing-training iterations with the student coders so that findings can claim validity.
Results
The aggregate picture of news media's coverage of implants appeared to be balanced. On the one hand, media coverage highlights negative experiences like complications, infections, side/late effects of therapies (27% of all coded statement units); on the other hand, the news content refers to medical progress achieved in the domain of implants nearly equally often (22% of all statements). About one out of five statements contains neutral descriptions of implant technologies, products, and trends. Nine percent of all captured statements mentioned medical chances (e.g. improving patients' quality of life), however, many news articles were obviously motivated by scandals and implant failures, which is likely to undermine public acceptance of implant innovation and/or cause the need for additional efforts in (re-)building trust in new implant technologies.
Beyond these descriptive results, a cluster analysis was conducted at the level of news articles to generate a data-driven typology of patterns of coverage about implants. The frame elements mentioned above served as dimensions for this cluster analysis. Findings suggest that two sharply distinct types of articles on implants have been published in German print media between 2008 and 2013: progress reports (n = 143 articles) and scandal coverage (n = 113 articles). Figure 1 presents a systematic comparison of the identified types of articles.
The progress report type of coverage was optimistic and focused on improvements and chances associated with implants. These articles often included medical researchers as cited source and welcomed innovative contributions to patients' quality of life achieved through research progress. In contrast, risks and problems related to implants and their application were less often mentioned than in the average of all investigated articles (across types). High-tech implants like cochlear and visual/retina implants were often used as cases of benign innovation in these reports, whereas breast implants were rarely mentioned. Statements about the future were mostly expressed as (neutral, un-critical) predictions, not as demands for action or problem solutions. In articles classified as "progress reports", "science" is mentioned as agent substantially more frequently than it is mentioned across the entire sample of articles, whereas it is rarely mentioned in articles categorized as "scandal coverage".
In contrast, the other type of articles, the scandal reports, painted an entirely different picture of implants and implantation. These articles emphasized medical, ethical, and economic risks over possible benefits. They framed implants rather as a failure-intensive, problematic medical technology that requires action by politics, science, and medical institutions to improve the situation. Consequently, statements about the future were mostly formulated as calls for action or change (instead of neutral forecasts). Interestingly, these very critical reports mentioned breast implants much more frequently than other types of implants, which suggests that the recent scandals in plastic surgery have been an important cause of this type of coverage [20] .
Discussion
The present study was the first systematic analysis of how mass media report on implants. Its findings are highly informative not only with regard to the German context from which the empirical data have been obtained. For communicating future implant innovation, several results should be noted for strategic considerations.
First, news media are attentive to implant innovation and the advantages they promise for patients. Journalists found high-tech products such as cochlear implants particularly newsworthy, and they provided space for medical researchers to explain these beneficial innovations to public audiences. In contrast, those implants that have been in mass use for a long time such as dental or hip implants receive much less media attention. Hence, Biofabrication and the message of innovative biomedical improvements should have good chances to be taken up by news media, which would open not only a chance to communicate recent developments, but also to explain the challenges with conventional implanting (e.g. implant-associated infections) that the new materials and technologies address.
Second, a substantial portion of news media coverage about implants is driven by scandals that have evolved in plastic surgery in the past. There have been various incidents of (avoidable) health risks for patients in different countries, particularly with regard to women who received breast implants [19, 20] . In our investigation period, the number of reports on this kind of scandals almost equalled the number of articles centered on medical progress. Whether lay audiences (over)generalize problematic views from (cosmetic) breast implantation to other domains of implant medicine remains an open question; however, communicators of future implant innovations must be prepared to face skeptical views and even mistrust generated by past scandals, even if these problems did not evolve in medical research contexts, but in an applied, commercial environment. On the other hand, problematic implantation practices and products have also been discussed in the medical, non-commercial context [21] , which could breed the material for future media scandalization as well.
Overall, the media image of implants in the German press (2008-2013) turned out to be two-faced. Both a positive, optimistic tonality on innovative products and medical progress and a critical, skeptical and even upset response to (mass) failures of specific implants appeared on a regular basis and shaped the public framing. Because lay audiences do not hold sufficient knowledge to understand organizational differences such as commercial plastic surgery on the one hand and clinical, mostly non-commercial health service on the other hand, science communication of implant innovation should be ready to actively address both public faces of their domain of research and therapy. Moreover, in addition to explaining the risks and chances of innovative implants, communicating Biofabrication progress should react to media skepticism by pursuing improvements in quality control and device regulation in parallel [22] . Such an initiative will not only increase the chances of successful clinical translation of medical progress in the domain of implants, but demonstrate professionalism and trustworthiness to (potentially) skeptical media and lay audiences. Even if the scandals that caused the critical news coverage are not directly linked to the current biomedical innovations, it is important to communicate that innovators and clinical users take concerns stemming from these scandals very seriously [23] .
The public controversy over methods of implant innovation: animal experimentation
Clearly, implant innovators need to create transparency and offer information to the public and the mass media concerning the progress, results and products that are emerging in field. The present content analyses on how news media report on implants provides useful advice with regard to what lay audiences may and may not know about and expect from implant research and to which concerns held by journalists or (future) patients innovators should respond. However, sustainable trust of the general public in implant innovation will only be achieved if there is not only communication on progress and results, but also on the procedures and methods with which the progress is achieved. This is particularly relevant since one set of methods on which implant research is relying has raised substantial public controversy of the past years: animal experimentation.
While the implementation of animal studies for medical research had not risen much public concern for decades, changes in Western societies' value systems have shifted public opinion towards a more critical view over the past 30 years. NGOs devoted to animal protection have been very active in running media campaigns against animal experimentation and have questioned the necessity and usefulness of such methods [24, 25] . Survey research has documented a notable level of citizens' concern and (often emotional) worries about the use of animals for research purposes in many countries; however, the diversity in opinions is substantial, and the average acceptance for medical research utilizing animal studies is still high if a relatively close link between animal research and patient benefits is visible [26, 27] .
Against this background, explaining and justifying the use of animals in implant innovation research becomes another necessity for science communication. However, many scientists are not used to take a stance in the face of a (presumably) skeptical public opinion. In addition, radical activists who have attacked laboratories and freed animals [28] or have run personal insult campaigns against individual researchers have motivated scholars involved in animal experimentation to prefer a silence strategy instead of creating openness and transparency about their work [29] .
While this defensive response is understandable, it has undesirable consequences for the public negotiation of the issue. First, if implant innovators do not communicate how and why they rely on animal experimentation, they leave the public arena to the opponents of animal research, that is, to very active NGOs with clear strategic goals of constraining or prohibiting animal experimentation. Second, journalists and news media organizations are displaying increasing expectations towards public institutions (including science) to offer rich information to them and to maintain high levels of transparency and accountability [30] . A strategy of silence in a situation where (parts of) the public demand(s) information and transparency will therefore irritate journalists, increase mistrust and the likelihood of scandalizing news coverage. As a consequence, non-communication about the benefits and importance of animal experimentation would be a severe deficit that could undermine the long-term acceptance of biomedical research at large and of Biofabrication of innovative implants in particular.
Research on science communication will be required to inform such strategic and organized responses to the public controversy of animal experimentation. Therefore, an array of studies on media coverage, news audiences' response to such coverage, and general public opinion about the issue is on the way in the Biofabrication cluster (e.g. [31] ). This subprogram of communication studies is providing empirical data on how news media frame the issue and the controversy around it, how news readers or viewers form judgments from such media information, and how attitudes on thematic policy and regulation are distributed in the population. Similar to the 'image analysis' of implants as medical products (see above), we are working towards a solid understanding of how to create transparency and enable dialogue with lay citizens in the best possible ways so that implant innovators' voice will be heard and public trust in scholars' responsible approach to animal studies can be (re-)established.
Conclusions Communicating implant innovation is justifying public trust in biomedical research
In this report, we have argued empirically and strategically for the importance of active communication about biomedical implant innovation, its methods, procedures, outcomes, chances, and risks. For many experts, participation in dialogue with lay audiences or journalists who have not acquired much background knowledge is not very appealing [32] . Survey research has shown that some scholars are enthusiastically engaging in public communication, whereas others remain reluctant (e.g. [33, 34] ). For biomedical implant research, organized efforts to accompany research progress and translation strategies with planned communication activities is particularly relevant, and research as well as clinical institutions should support their academic personnel in installing and maintaining a vivid exchange with news media and the general public. The reason for this specific importance of communication in implant innovation is two-fold.
First, the technologies developed are complex and difficult to understand, but will affect (future) patients in very direct, personal ways. It is therefore imperative to offer explanatory knowledge to public audiences at early stages of the medical innovation process in order to (a) inform medical experts who are supposed to apply the new implant technologies in the future, and (b) to prevent wrong expectations and (unjustified) mistrust or noncompliance in future patients.
Second, biomedical implant research will have to continue to apply methods that are object to public controversy, animal experimentation in particular. Some (mostly tabloid) news media have been found ready to jazz up scandalizing campaigns of activist NGOs, and citizens tend to demand explicit self-explanations for potentially problematic institutional behaviors (accountability). For these reasons, promoting public understanding and acceptance of implant innovation must necessarily include active communication that generates transparency and options for dialogue and participation [9] . Maintaining proactive transparency (i.e. offering rich information on animal experimentation in times when one's research institution is not publicly attacked and going through a communication crisis) will help to correct unjustified assumptions of concerned citizens and function as an important signal of trustworthiness towards those parts of the general population who are not (yet) concerned about the methods and procedures in biomedical implant research. Likewise, active communication will suit the expectations of (science) journalists, which will help to make science's voice be heard in public controversies.
The ultimate goal of such efforts for communicating implant innovation is earning, justifying, and maintaining public trust in biomedical implant research. Public trust in the good intentions, in professional and ethical behavior, and in invented medical devices of implant researchers and their institutions does not emerge automatically. Engaging in well-organized, transparent and honest ways of public communication is the key strategy for promoting understanding and acceptance of new implant technologies and for contributing to a trustful collaboration between researchers, medical experts, and (future) patients. Communication research such as the reported studies on media coverage on issues related to biomedical implant innovation can help to ground such measures on theoretical, empirical, and strategic foundations.
While the need to strive for public trust is certainly not a controversial issue in the medical research community, the questions of how to acquire the necessary resources and to achieve effective communication under circumstances of excessive workload remain notoriously difficult challenges [32] . Networking among research institutions and close collaboration in designing the science-media interface are therefore important to maximize the outreach and impact with the given resources. Scientific organizations, research institutions, and academic associations need to develop strategies and platforms in which they can combine their efforts synergistically so that the required level of transparency, actuality, and comprehensiveness in biomedical science communication can be maintained sustainably. While it is certainly reasonable for such initiatives to engage in online communication nowadays [35] , it is an equally important conclusion from the present analysis and data that conventional modes of reaching out to the general public -particularly via journalists and the news mediashould remain a priority for communicating implant innovation: News media will maintain their societal role as commentators, navigators, and evaluators of public issues, and they will continue to play an important role in shaping citizens' knowledge, attitudes, and expectations towards medical research and products. Communication for earning and justifying public trust in biomedical implant research will therefore have to treat the news media as partner -and to deal professionally and patiently with skeptical, even unfair perspectives journalists may publicize.
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